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[Abstract] 



Provided is a process which is industrially useful for producing an ester of an amino acid and a nucleoside 
having a pseudo-sugar moiety. 

[Structure] 

A process for the production of an ester of an amino acid and a nucleoside having a pseudo-sugar moiety 
characterized in that when amino acid and sugar or amino acid and the pseudo-sugar moiety are condensed in 
the production of an ester from amino acid and nucleoside having an amino group in the 2-position of purine 
being a nucleic acid base, the amino group is acylated prior to the reaction. 



J2 [Effect] 

After the completion of the reaction, the purification can be easily conducted. 
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Field of the Invention 

This invention relates to a process for the production of valacyclovir which is a derivative of acyclovir 
used worldwide as an antiviral agent and which is currently deemed to be useful for the treatment of 
5 diseases caused by the cytomegalovirus and the like. 



9-[2-Hydroxyethoxy)methyl]guantne which is known as acyclovir has strong antiviral activity towards the 

to herpes virus. However, since the acyclovir is less water-soluble and has low oral absorption, a large amount 
of a medication has to be administered in the treatment process. 

In order to improve these properties, the production of various derivatives of acyclovir has been 
attempted, and the synthesis of, for example, O-alkyl derivatives of acyclovir, O-valeryl derivatives of 
acyclovir, O-glycine and alanine derivatives of acyclovir (Japanese Patent Publication No. 4-990), and O- 

15 valine and isoleucine derivatives of acyclovir (Japanese Laid-Open Patent Application (Kokai) No. 64-68,373) 
has been reported so far. Among the attempts of synthesizing these various derivatives of acyclovir, an 
amino acid ester or the like, especially an ester of L-valine is deemed to be the best from the standpoint of 
oral absorption or the like [Antiviral Chemistry & Chemotherapy (1992) 3(3), pp. 157-164]. 

Under the circumstances, an ester of an amino acid and an antiviral agent having a pseudo-sugar 

20 moiety such as acyclovir has been in increasing demand. However, the processes of its synthesis are still 
unsatisfactory. According to Japanese Laid-Open Patent Application (Kokai) No. 64-68,373 and Antiviral 
Chemistry & Chemotherapy (1992) 3(3), pp. 157-164, when an ester of an amino acid such as L-valine and 
acyclovir is synthesized, an N-protected amino acid and acyclovir are used as raw materials and condensed 
with dicyclohexylcarbodiimide as a condensation agent. However, since the solubility of the formed ester of 

25 N-protected amino acid and acyclovir is low, several recrystallizations or purification through silica-gel 
column is needed to remove dicyclohexylurea which forms as a by-product. Accordingly, this process is not 
industrially feasible. 

Problems to be Solved by the Invention 



This invention is to provide a process which is industrially useful for the synthesis of an ester of an 
amino acid and a nucleoside having a pseudo-sugar moiety. 

Means for Solving the Problems 



The present inventors have assiduously investigated in order to develop a novel process for the 
production of an ester of amino acid and a nucleoside having an amino group in a nucleic acid base moiety, 
especially a nucleoside having a purine ring in the base moiety and an amino group in the 2-position, 
wherein an ester is synthesized by the condensation of an amino acid and a sugar or a pseudo-sugar 
40 moiety. They have consequently found that when an amino acid and a sugar or pseudo-sugar moiety are 
condensed, acylation of the amino group of the nucleic acid base moiety to facilitate the purification after 
the completion of the condensation. This finding has led to the completion of this invention. 

That is, this invention is to provide a process for the production of a compound represented by formula 
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wherein Z denotes an optionally protected hydroxy! group, an optionally protected amino group, iodine, 
chlorine or hydrogen, R 1 denotes hydrogen, an alkyl group having from 1 to 10 carbon atoms, an aralkyl 
group, an optionally protected aminoalkyl group or an optionally protected carboxylalkyl group, and R 2 
denotes an optionally protected amino group, 
5 which comprises reacting a compound represented by formula (2) 



z 



10 




(2) 



wherein Z denotes an optionally protected hydroxy I group, an optionally protected amino group, iodine, 
chlorine or hydrogen, 
20 with a compound represented by formula (3) 



25 



30 



R 



(3) 



wherein R 1 denotes hydrogen, an alkyl group having 1 to 10 carbon atoms, an aralkyl group, an 
optionally protected aminoalkyl group or an optionally protected carboxylalkyl group, and R 2 denotes an 
optionally protected amino group; 
35 the process wherein the reaction is conducted in the presence of dicyclohexylcarbodiimide; and the process 
wherein dicyclohexylurea which is formed as a by-product of the reaction is removed by filtration. Further, 
this invention is to provide a compound represented by formula (1) 



45 




wherein Z is an optionally protected hydroxyl group, an optionally protected amino group, iodine, 
chlorine or hydrogen, R 1 denotes hydrogen, an alkyl group having from 1 to 10 carbon atoms, an aralkyl 
group, an optionally protected aminoalkyl group or an optionally protected carboxylalkyl group, and R 2 
denotes an optionally protected amino group, 
55 which is obtainable by the above-mentioned reaction; and 2-[(2-acetylamino-1 ,6-dihydro-6-oxo-9H-purin-9- 
yl)methoxy]ethyl N-benzyloxycarbonyl-L-valinate represented by formula (4) 



3 



BNSOOCID: <EP 0665229A1 J_> 



EP 0 665 229 A1 



OH 



5 



H 3 C 





10 
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which is a typical compound. 

The compound of formula (2) which is used in this invention can be obtained by reacting the 
75 corresponding compound, as a diacyl compound, represented by formula (5) 



wherein Z is as defined above, 
30 with a base. Examples of the base include hydroxylamine, ammonia, their salts, primary to tertiary amines, 
their salts, quaternary ammonium salts, metal alkoxides such as sodium methoxide and potassium 
methoxide, and alkali solutions such as sodium hydroxide and lithium hydroxide. 

The compound of formula (5) can be obtained by reacting a compound free of an N- or O-acetyl group 
with, for example, acetic anhydride in an acetic acid solvent in the presence of an acid catalyst such as p- 
35 toluenesulfonic acid. When Z is the hydroxyl group in formula (5), the compound can be obtained by, for 
example, a process described in Japanese Laid-Open Patent Application (Kokai) No. 5-78,329. 

When Z is the hydroxyl group in formula (2), the compound can be obtained by, for example, a process 
described in Japanese Laid-Open Patent Application (Kokai) No. 63-107,981. 

The compound of formula (3) which is used in this invention is an amino acid in which an amino group 
40 is optionally protected. The amino acid may be an L-isomer, a D-isomer or a racemic compound. 

Examples of the amino acid include glycine, alanine, valine, leucine, isoleucine, serine, threonine, 
proline, aspartic acid, asparagine, glutamic acid, glutamine, histidine, lysine, ornithine, arginine, 
phenylalanine, tyrosine and tryptophan. Other amino acids are also available. 

It is advisable that the amino group or the carboxyl group in the side chain of the amino acid be 
45 protected with a protective group. Examples of the protective group of the amino group include urethane- 
type protective groups such as a benzyloxycarbonyl group, a tert-butoxycarbonyl group and a 9-fluorenyl- 
methyloxycarbonyl group; monocarboxylic acid-acyl-type protective groups such as a formyl group, an 
acetyl group, a trifluoroacetyl group and a benzoyl group; dicarboxylic acid-acyl-type protective groups 
such as a phthaloyl group; sulfonic acid-acyl-type protective groups such as a tosyl group; and alkyl-type 
so protective groups such as a triphenylmethyl group and a benzyl group. Examples of the protective group of 
the carboxyl group include ester-type protective groups such as a methyl ester group, an ethyl ester group, 
a benzyl ester group, a substituted benzyl ester group, a tert-butyl ester group, a cyclopentyl ester group, a 
cyclohexyl ester group and a phenacyl ester group. 

Specific examples of the compound in which the side chain of the amino acid is protected include 
55 benzyloxycarbonyl-L-glycine, benzyloxycarbonyl-L-alanine, benzyloxycarbonyl-L-valine, benzyloxycarbonyl- 
L-leucine, benzyloxycarbonyl-L-isoleucine, benzyloxycarbonyl- L-serine, benzyloxycarbonyl-L-threonine, ben- 
zyloxycarbonyl-L-proline, w-benzyl benzyloxy carbon y I- L-aspartate, cj-tert-butyl benzyloxycarbonyl-L-aspar- 
tate, benzyloxycarbonyl-L-asparagine, o>-benzyl benzyloxycarbonyl- L-glutamate, w-tert-butyl benzyloxycar- 
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bonyl-L-glutamate,benzyloxycarbonyl-L-glutamine, benzyloxycarbonyl-L-histidine, a-benzyloxycarbonyl-«- 
tert-butoxycarbonyl-L-lysine, a,a>-dibenzyloxycarbonyl-L-lysine, Gr-benzyloxycarbonyl-to-tert-butoxycarbonyl- 
L-ornithine, a.w-dibenzyloxycarbonyl-L-ornithine, a-benzyloxycarbonyl-^ -p-toluenesulfonyl-L-arginine, a-be- 
nzyloxycarbonyl-co-nitro-L-arginine, benzyloxycarbonyl-L-phenylalanine, benzyloxycarbonyl-L-tyrosine, ben- 

5 zyloxycarbonyl-O-benzyl-L-tyrosine, benzyloxycarbonyl-L-tryptophan, tert-butoxy-carbonyl-L-glycine, tert- 
butoxycarbonyl-L-alanine, tert-butoxycarbonyl-L-valine, tert-butoxycarbonyl-L-leucine, tert-butoxycarbonyl-L- 
isoleucine, tert-butoxycarbonyl-L-serine, tert-butoxycarbonyl-L-threonine, tert-butoxycarbonyl-L-proline, tert- 
butoxycarbonyl-L-aspartic acid, <*>-benzyl tert-butoxycarbonyl-L-aspartate, w-cyclohexyl tert-butoxycarbonyl- 
L-aspartate, tert-butoxycarbonyl-L-asparagine, u>-benzyl tert-butoxycarbonyl-L-glutamate, u>-tert-butyl tert- 

10 butoxycarbonyl-L-glutamate, tert-butoxycarbonyl-L-glutamine, tert-butoxycarbonyl-L-histidine, a-tert-butox- 
ycarbonyl-<o-trifluoroacety I- L- lysine, a-tert-butoxycarbonyl-<i>-p-toluenesu!fonyl-L-lysine, a-tert-butoxycar- 
bonyl-<o-benzyloxycarbonyl-L-lysine, a-tert-butoxycarbonyl-oj-benzyloxycarbonyl-L-ornithine, a,«-di-tert- 
butoxycarbonyl-L-ornithine, a-tert-buthoxycarbonyl-o-p-toluene sulfonyl-L-arginine, a-tert-butoxycarbonyl-^- 
nitro-L-arginine, tert-butoxycarbonyl-L-phenylalanine, tert-butoxycarbonyl-L-tyrosine, benzyloxycarbonyl-O- 

75 benzyl-L-tyrosine, and tert-butoxycarbonyl-L-tryptophan. 

A suitable condensation agent may be used to produce the compound of formula (1) by the reaction of 
compounds of formulas (2) and (3). Specific examples of the condensation agent include dicyclohexylcar- 
bodiimide, water-soluble carbodiimide and carbonyldiimidazole. The compound of formula (1) can be 
produced in a solvent. Examples of the solvent include dimethylformamide, dimethyl sulfoxide, ethyl 

20 acetate, methylene chloride, acetonitrile, toluene and tetrahydrofuran. A base catalyst may be optionally 
used in the above-mentioned reaction. Examples of the base catalyst include 4-dimethylaminopyridine, 
triethylamine and pyridine. An additive may be optionally used in the above-mentioned reaction. Examples 
of the additive include N-hydroxysuccinimide and 1 -hydroxy be nzotriazole. The reaction temperature can be 
selected to be between -20 0 C and 40 • C. 

25 The compound of formula (1) formed by the reaction has greatly improved physical properties such as 
solubility in an organic solvent compared to the corresponding compound represented by formula (6) 




40 wherein R\ R 2 and Z are as defined above. 

For example, the solubility in ethyl acetate at room temperature of 2-[(2-acetylamino-1 ,6-dihydro-6-oxo-9H- 
purin-9-yl)methoxy]ethyl N-benzyloxycarbonyl-L-valinate (hereinafter simply referred to as "NAcZVA") re- 
presented by formula (4) 
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is 0.54 g/dl. While that of the corresponding compound, 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)- 
methoxy]ethyl N-benzyloxycarbonyl-L-valinate (hereinafter simply referred to as n ZVA") represented by 
formula (7) 

5 



OH 



10 




is 0.04 g/dl. Thus, the solubilities of NAcZVA is over 10 times that of ZVA. Further, NAcZVA has high 
solubilities in acetonitrile and in methylenechloride at room temperature 9.6 g/dl and 52.7 g/dl respectively. 
20 Accordingly, if a solvent, the solvent concentration and the temperature for the reaction are suitably 
selected, the purification of the compound is completed only by treatment by an ordinary solvent extraction 
method or by the filtration of a sparingly soluble precipitate, such as dicyclohexylurea, after the completion 
of the reaction. 

The thus-obtained compound of formula (2) can be converted into the ester of an amino acid and a 
25 nucleoside which is a final compound by deprotecting the N-acetyl group of the purine base moiety and the 
N-protecting group of the amino acid moiety in an optional order. In order to deprotect the N-acetyl group 
of the purine base moiety, the compound may be reacted with a base such as ammonia or tertiary amines, 
their salts in a hydrous or an anhydrous alcohol having 1 to 6 carbon atom(s). The reaction temperature can 
be optionally selected from room temperature to the refluxing temperature of the solvent. The N-protecting 
30 group of the amino acid moiety may be deprotected according to a general method. For example, the 
deprotection of the benzyloxycarbonyl group or tert-butoxycarbonyl group in the amino acid ester of 
acyclovir is described in Antiviral Chemistry & Chemotherapy (1992) 3(3), pp. 157-164. 

Examples 

35 

This invention is illustrated in more detail by the following Examples. 
Example 1 

40 Synthesis of 2-[(2-acetylamino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L- 
valinate from 9-[(2-hydroxyethoxy)methyl]-N 2 -acetylguanine: 

One hundred milliliters of dimethylformamide were added to 2.67 g of 9-[(2-hyd roxyethoxy)m ethyl ]- N 2 - 
acetylguanine, and the mixture was heat-dissolved at 60 'C. The solution was cooled to room temperature, 

45 and 3.27 g of N-benzyloxycarbonyl-L-valine, 0.17 g of 4-dimethylaminopyridine and 3.30 g of dicyclohexyl- 
carbodiimide were added thereto. The mixed solution was stirred at room temperature for 118 hours. To the 
reaction mixture were further added N-benzyloxycarbonyl-L-valine,4-dimethylaminopyridine and dicyclohex- 
ylcarbodiimide in the same amounts. The mixture was stirred at room temperature for 17 hours. The white 
solid precipitate was filtered from the reaction mixture and washed with a small amount of dimethylfor- 

so mamide. The filtrate was analyzed by liquid chromatography. Consequently, 2-[(2-acetylamino-l ,6-dihydro- 
6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl}-L-valinate was obtained in a yield of 99.7 %. 
Further, the filtrate was concentrated under reduced pressure, and the obtained oily substance was 
dissolved in 100 ml of ethyl acetate and washed with 50 ml of water and with 10 ml of a saturated NaCI 
aqueous solution. After the aqueous layer was extracted with 100 ml of ethyl acetate, the organic layers 

55 were collected, dried over anhydrous sodium sulfate, then filtered and allowed to stand at room tempera- 
ture. One hour later, the precipitated crystals were filtered. The filtrate was further allowed to stand 
overnight at room temperature, and the precipitated crystals were combined to obtain a sample for the 
analysis of 2-[(2-acetylamino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L- 

6 
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valinate. 

Nuclear magnetic resonance analysis ( 1 H, DMSOD6) 

5 0.81(6H,d,iPr-Me), 1.93(1H,m,iPr-CH), 2.17 (3H l s,ACV-NAc),3.69(2H ( m,ACV-3 f H),3.86(1 H t m, Val- H)- 
,4.07-4.25 (2H,m,ACV-4'H), 5.02(2H,s. Cbz-CH2), 5.47 (2H,s,ACV-1'H), 7.29-7.40 (5H,m, Cbz-Ph), 7.64 
5 (1H,d,Val-NH), 8.12 (1H.S.ACV-8H), 11.80-12.20 (2H f b, ACV-1H + 2NH) 

Mass spectrum analysis (FAB mode) M calculated (M + H + C23H29O7N6): 501. 1098 found: 501. 2111 

Example 2 

10 Synthesis of 2-[(2-amino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-vaiinate 
from 9-[(2-hydroxyethoxy)methyl]-N 2 -acetylguanine: 

Fifty milliliters of dimethylformamide were added to 2.67 g of 9-[(2-hydroxyethoxy)methyl]-N 2 -acetyl- 
guanine, and the mixture was cooled to 0°C. To the mixture were added 2.52 g of N-benzyloxycarbonyl-L- 

75 valine, 0.12 g of 4-dimethylaminopyridine and 2.29 g of dicyclohexylcarbodiimide. The thus-obtained 
mixture was stirred at 0 8 C for 3 hours and then at room temperature for 13 hours. To the reaction mixture 
were further added N-benzyloxycarbonyl-L-valine, 4-dimethylaminopyridine and dicyclohexylcarbodiimide in 
the same amounts, followed by stirring them at room temperature for 48 hours. The precipitate was filtered 
from the reaction mixture, and the filtrate was concentrated under reduced pressure to obtain an oily 

20 substance. The oily substance was dissolved in 200 ml of ethyl acetate. The organic layer was washed 
once with 100 ml of a 5 % potassium hydrogensulfate aqueous solution and twice with 100 ml of a 
saturated NaCI aqueous solution, dried over anhydrous magnesium sulfate, and concentrated under 
reduced pressure to obtain an oily substance. The oily substance was analyzed by liquid chromatography. 
Consequently, 2-[(2-acetylamino-1 .6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy) carbonyl]-L- 

25 valinate was obtained in a yield of 81.1 %. 

The oily substance was dissolved in 40 ml of ethanol, and 4.05 g of triethylamine were added to the 
solution, followed by refluxing the mixed solution for 7 hours. After the completion of the reaction, the 
mixture was analyzed by liquid chromatography. As a result, the intended 2-[(2-amino-1 ,6-dihydro-6-oxo-9H- 
purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate was obtained from 9-[(2-hydroxyethoxy)methyl]- 

30 N 2 -acetylguanine in a yield of 77.2 %. The reaction mixture was further cooled to 0*C, and the precipitated 
crystals were filtered and washed with a small amount of ethanol. The thus-obtained crystals were dried at 
50 *C under reduced pressure to obtain 3.36 g of crystals of 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-yl)- 
methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate. The yield of this compound from 9-[(2-hydroxyethoxy)- 
methyl]-N 2 -acetylguanine was 73.3 %. 

35 Nuclear magnetic resonance analysis ( 1 H, DMSO-D6) 

5 0.83 (6H, d, iPr-Me), 1.96 (1H, m, iPr-CH), 3.66(2H, m.ACV-S'H^OOH.m.Val-H), 4.10-4.20 (2H, m, 
ACV-4*H), 5.03 (2H, s, Cbz-CH2), 5.35 (2H f s, ACV-1'H), 6.51 (2H, s, ACV-2NH2), 7.25-7.45 <5H, m, Cbz- 
Ph), 7.67(1 H, d, Val-NH), 7.81 (1H, s, ACV-8H), 10.63 (1H, s, ACV-1H) 

40 Example 3 

Synthesis of 2-[(2-amino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate 
from 9-[(2-hydroxyethoxy)methyl]-N 2 -acetylguanine: 

45 Fifty milliliters of acetonitrile were added to 2.67 g of 9-[(2-hydroxyethoxy)methyl]-N 2 -acetylguanine, and 
the mixture was cooled to 0°C. To the mixture were added 2.52 g of N-benzyloxycarbonyl-L-valine, 0.12 g 
of 4-dimethylaminopyridine and 2.29 g of dicyclohexylcarbodiimide. The mixture was stirred at the freezing 
point for 3 hours and then at room temperature for 8.5 hours. To the reaction mixture were further added N- 
benzyloxycarbonyl-L-valine and dicyclohexylcarbodiimide in the same amounts, and they were stirred at 

50 room temperature for 48 hours. The precipitate was filtered from the reaction mixture, and the filtrate was 
concentrated under reduced pressure to obtain an oily substance. The oily substance was dissolved in 200 
ml of ethyl acetate. The organic layer was washed once with 100 ml of a 5 % potassium hydrogensulfate 
aqueous solution and twice with 100 ml of a saturated NaCI aqueous solution, dried over anhydrous 
magnesium sulfate, and concentrated under reduced pressure to obtain an oily substance. The oily 

55 substance was analyzed by liquid chromatography. Consequently, 2-[(2-acetylamino-1 ,6-dihydro-6-oxo-9H- 
purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate was obtained in a yield of 45.7 %. 

The oily substance was dissolved in 40 ml of ethanol, and 4.05 g of triethylamine were added thereto, 
followed by refluxing the mixed solution for 7 hours. The reaction mixture was cooled to 0*C, and the 

7 
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precipitated crystals were filtered and washed with a small amount of ethanol. The thus-obtained crystals 
were dried at 50 *C under reduced pressure to obtain 2.56 g of crystals of 2-[(2-amino-l ,6-dihydro-6-oxo- 
9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate. The yield of this compound from 9-[(2- 
hydroxyethoxy)methyl]-N 2 -acetylguanine was 44.9 %. 

5 

Example 4 

Synthesis of 2-[(2-acetylamino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbony1]-L- 
valinate from 9-[(2-hydroxyethoxy)methyl]-N2-acetylguanine: 

10 

Twelve point five ml of dimethylformamide were added to 1 .34 g of 9-[(2-hydroxyethoxy)methyl]-N2- 
acetylguanine, and the mixture was cooled to 0 C. To the mixture were added 1.26 g of N-benzyloxycar- 
bonyl-L-valine, 61 mg of 4-dimethylaminopyridine and 1.15 g of dicyclohexylcarbodiimide. The thus- 
obtained mixture was stirred at 0 C for 24 hours. To the reaction mixture were further added 0.25 g of N- 

75 benzyloxycarbonyl-L-valine,12 mg of 4-dimethylaminopyridine and 0.10 g of dicyclohexylcarbodiimide, 
followed by stirring them at 0 C for 24 hours. The precipitate was filtered from the reaction mixture. The 
filtrate was analyzed by liquid chromatography. Consequently, 2-[(2-acetylamino-1 ,6-dihydro-6-oxo-9H- 
purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate was obtained in a yield of 97.4 %. The filtrate 
was concentrated under reduced pressure, and the obtained oily substance was dissolved in 100 ml of ethyl 

20 acetate and washed with 50 ml of 5% potassium hydrogensulfate aqueous solution and with 50 ml x 2 of a 
saturated NaCI aqueous solution. 2-[(2-Acetylamino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[- 
(benzyloxy)carbonylJ-L-valinate was obtained in a yield of 93.9 % in this organic layer. The organic layer 
was allowed to stand at room temperature to precipitate white crystals. Tha crystals were filtered and dried 
to give 1.13 g of 2-[(2-acetylamino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]- 

25 L-valinate in a yield of 42.7 %. Purity of the crystals was 94.6 %, and no dicyclohexylurea was detected. 

Example 5 

Synthesis of 2-[(2-amino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate 

30 and 2-[(2-acetylamino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate 
from 9- [(2-hydroxyethoxy)methyl]-N2-acetylguanine: 

Six point twenty-five milliliters of dimethylformamide were added to 1.34 g of 9-[(2-hydroxyethoxy)- 
methyl]-N2-acetylguanine, and the mixture was cooled to 0 C. To the mixture were added 1.26 g of N- 

35 benzyloxycarbonyl-L-valine, 30 mg of 4-dimethylaminopyridine and 1.14 g of dicyclohexylcarbodiimide. The 
mixture was stirred at 0 C for 24 hours. To the reaction mixture were further added 0.25 g of N- 
benzyloxycarbonyl-L-valine and 6.5 mg of 4-dimethylaminopyridine and 0.23 g of dicyclohexylcarbodiimide 
followed by stirring them at 0 C for 24 hours. The precipitate was filtered from the reaction mixture. The 
filtrate was analyzed by liquid chromatography. Consequently, 2-[(2-acetylamino-1,6-dihydro-6-oxo-9H- 

40 purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate was obtained in a yield of 98.9 %. To the 
filtrate, 80 ml of ethylacetate was added and was washed with 50 ml of 5% potassium hydrogensulfate 
aqueous solution and with 50 ml x 2 of a saturated NaCI aqueous solution. After the first aqueous layer was 
extracted with 50 ml of ethyl acetate, the organic layers were combined. 2-[(2-Acetylamino-l,6-dihydro-6- 
oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate was obtained in a yield of 98.1 % in this 

45 combined organic layer. The combined organic layer was concentrated under reduced pressure, and the 
residue was dissolved in 30 ml of ethanol, and 2.7 ml of triethylamine was added to the solution, followed 
by refluxing the mixed solution for 15 hours. The reaction mixture was cooled to room temperature to 
precipitate white crystals. Tha crystals were filtered and dried to give 2.00 g of 2-[(2-amino-1 ,6-dihydro-6- 
oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate. Purity of the crystals was 95.1 %, and 

50 0.3 % of dicyclohexylurea was detected. The yield of this compound from 9-[(2-hydroxyethoxy)methyl]-N2- 
acetylguanine was 83.0 %. 
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Example 6 

Synthesis of 2-[(2-amino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate 

5 and 2-[(2-acetylamino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate 
from 9- [(2-hydroxyethoxy)methyl]-N2-acetylguanine: 

Six point twenty-five milliliters of d i methy If orm amide were added to 1.34 g of 9-[<2-hydroxyethoxy)- 
methyl]-N2-acetylguanine, and the mixture was cooled to 0 C. To the mixture were added 1.26 g of N- 

w benzyloxycarbonyl-L-valine, 6.1 mg of 4-dimethylaminopyridine and 1.14 g of dicyclohexylcarbodiimide. 
The mixture was stirred at 0 C for 24 hours. To the reaction mixture were further added 0.25 g of N- 
benzyioxycarbonyl-L-valine and 1.2 mg of 4-dimethylaminopyridine and 0.23 g of dicyclohexylcarbodiimide 
followed by stirring them at 0 C for 24 hours. The precipitate was filtered from the reaction mixture. The 
filtrate was analyzed by liquid chromatography. Consequently, 2-[(2-acetylamino-1,6-dihydro-6-oxo-9H- 

15 purin-9-yl)methoxy]ethyl N-[(benzyloxy)carbonyl]-L-valinate was obtained in a yield of 99.0 %. The filtrate 
was concentrated under reduced pressure, and the obtained oily substance was dissolved in 20 ml of 
ethanol, and 2.7 ml of triethylamine were added to the solution, followed by refluxing the mixed solution for 
11 hours. This reaction mixture was allowed to stand at room temperature to precipitate white crystals. Tha 
crystals were filtered and dried to give 2.01 g of 2-[(2-amino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl 

20 N-[(benzyloxy)carbonyl]-L-valinate. Purity of the crystals was 95.0 %, and no dicyclohexylurea was de- 
tected. The yield of this compound from 9-[(2-hydroxyethoxy)methyl]-N2-acetylguanine was 83.3 %. 

Example 7 

25 Synthesis of 2-[{2-acetylamino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]-ethyl N-[(benzyloxy)carbonyl]-L- 
valinate from 9-[(2-hydroxyethoxy)methyl]-N2-acetylguanine: 

Thirty-seven point five milliliters of dimethylformamide were added to 8.46 g of 9-[(2-hydroxyethoxy)- 
methyl]-N2-acetylguanine (purity 94.8 %), and the mixture was cooled to 2 C. To the mixture were added 

30 7.54 g of N-benzyloxycarbonyl-L-valine, 37 mg of 4-dimethylaminopyridine and 6.88 g of dicyclohexylcar- 
bodiimide. The mixture was stirred at 2 C for 24 hours. To the reaction mixture were further added 1 .51 g of 
N-benzyloxycarbonyl-L-valine and 1.38 g of dicyclohexylcarbodiimide followed by stirring them at 2 C for 24 
hours. The precipitate was filtered from the reaction mixture. The filtrate was analyzed by liquid chromatog- 
raphy. Consequently, 2-[(2-acetylamino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-[(benzyloxy)- 

35 carboriyl]-L-valinate was obtained in a yield of 96.1 %. 

Example 8 

Solubility of NAcZVA, ZVA and dicyclohexylurea(DCU) 

40 

To a test tube, 2.5 ml of ethyl acetate and 2-[(2-acetylamino-1,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]- 
ethyl N-[(benzyloxy)carbonyl]-L-valinate were added, and the mixture was stirred at room temperature (20 - 
25 C) for 12 hours. The mixture was filtered. The filtrate was analyzed by liquid chromatography and 
solubility was calculated. Solubilities of NAcZVA in methylene chloride, acetontrile and dimethylformamide 
45 was measured as same manner as ethyl acetate. Solubilities of ZVA and DCU in ethyl acetate, methylene 
chloride, acetonitrile and dimethylformamide were measured as same manner as NAcZVA. 

Table 1 





Solubility(gram/deciliter) 


Solvent 


NAcZVA 


ZVA 


DCU 


Ethyl acetate 


0.54 


0.04 


0.03 


Methylene chloride 


52.7 


0.07 


0.17 


Acetonitrile 


9.6 


0.22 


0.02 


N,N-Dimethylformamide 


>56 


42.0 


0.23 
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Claims 

1. A process for the production of a compound represented by formula (1) 



Z 




wherein Z denotes an optionally protected hydroxyl group, an optionally protected amino group, 
iodine, chlorine or hydrogen, R 1 denotes hydrogen, an alkyl group having from 1 to 10 carbon atoms, 
an aralkyl group, an optionally protected aminoalkyl group or an optionally protected carboxylalkyl 
group, and R 2 denotes an optionally protected amino group, 
which comprises reacting a compound represented by formula (2) 



o n^StA 

ji jl JL / 



H 

(2) 

wherein Z denotes an optionally protected hydroxyl group, an optionally protected amino group, 
iodine, chlorine or hydrogen, 
with a compound represented by formula (3) 

R 1 

HO 




R 2 
O 

(3) 

wherein R 1 denotes hydrogen, an alkyl group having from 1 to 10 carbon atoms, an aralkyl group, 
an optionally protected aminoalkyl group or an optionally protected carboxylalkyl group, and R 2 denotes 
an optionally protected amino group. 

2. The process of claim 1 wherein the reaction is conducted in the presence of dicyclohexylcarbodiimide. 

3. The process of claim 2 wherein dicyclohexylurea as a by-product formed in the reaction is removed by 
filtration. 
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4. The process of claim 1, 2 or 3 wherein Z in formula (2) is a hydroxyl group; the compound of formula 
(3) is N-benzyloxycarbonyl-L-valine; and in formula (1) R 1 is an isopropyl group, R 2 is a benzyloxycar- 
bonylamino group, and the steric configuration of the carbon atom by which R 1 and R 2 are bound is S. 



5 5. A compound represented by formula (1) 




20 wherein Z is an optionally protected hydroxyl group, an optionally protected amino group, iodine, 

chlorine or hydrogen, R 1 denotes hydrogen, an alkyl group having from 1 to 10 carbon atoms, an 
aralkyl group, an optionally protected aminoalkyl group or an optionally protected carboxylalkyl group, 
and R 2 denotes an optionally protected amino group. 

25 6. 2-[(2-Acetylamino-1 ,6-dihydro-6-oxo-9H-purin-9-yl)methoxy]ethyl N-benzyloxycarbonyl-L-valinate repre- 
sented by formula (4). 



30 



35 



O N . 

X X i 

H 



(4) 




O 

.A 



40 



45 



50 
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